Introduction {#Sec1}
============

Many epidemiological and controlled animal and human experiments have provided evidence for the use of boron as a safe and effective treatment for some forms of osteoarthritis (OA) \[[@CR1]\]. By examining the relationship between boron administration and OA prevalence around the world, researchers have discovered that in the areas where boron intake is 1 mg or less per day, the estimated incidence of arthritis is between 20% and 70%. In contrast, in areas where boron intake is usually 3--10 mg per day, the arthritis percentage is lower, ranging from zero to only 10%. This remarkable finding is a compelling evidence of the fact that abundant intake of dietary boron can confer strong protection against the development of OA \[[@CR2], [@CR3]\]. An analytical study showed that the boron concentration is lower in femur heads, bones, and synovial fluid of OA patients as compared with patients without OA. Moreover, surgeons have observed that the bones of patients that had used boron supplementation were harder to cut than those of patients who had not used these supplements \[[@CR4]\]. The most convincing evidence for boron usage in the case of OA patients comes from a double-blind placebo boron supplementation trial conducted in Australia \[[@CR5], [@CR6]\] reporting that boron supplementation may improve symptoms for people with OA and rheumatoid arthritis \[[@CR6]\]. Experimental studies on arthritic rats have led to an emerging hypothesis suggesting that boron reduces the risk of inflammatory disease by downregulating enzymes of the inflammatory response and has a beneficial immunomodulatory effect in the arthritic rats \[[@CR7]--[@CR9]\].

Recent studies have focused on the association between primary OA and dyslipidemia \[[@CR10], [@CR11]\]. Many researchers have observed that cardiovascular disease (CVD) and OA often coexist in patients; consequently, it has been hypothesized that vascular disease may play a pathogenic role in OA, acting in part via lipid metabolic pathways \[[@CR12]\]. The definitions for dyslipidemia, as defined by the NCEP guidelines, include total cholesterol (TC), ≥200 mg/dL; low-density lipoprotein (LDL) cholesterol, ≥130 mg/dL; triglycerides, ≥150 mg/dL; high-density lipoprotein (HDL) cholesterol, \<40 mg/dL; and TC/HDL ratio, ≥6.5 \[[@CR13]\]. Previous studies have demonstrated an association among OA evolution, dyslipidemia, and inflammation as measured by systemic marker levels \[[@CR14]--[@CR16]\]. C-reactive protein (CRP), one of the most useful markers of systemic inflammation, has recently been identified as a marker of OA with clinical significance. CRP levels are moderately high for patients with OA as compared with the normal controls \[[@CR16], [@CR17]\]. Of great clinical significance are CRP levels, with reference values below 0.5 mg/dL in OA patients \[[@CR18], [@CR19]\]. Increased levels have been associated with the disease evolution as well as with the clinical aggravation, as an unspecific response to inflammations and infections \[[@CR20]--[@CR22]\].

Calcium fructoborate (CF) is used as a recent nonpharmaceutical therapy for osteoarthritis treatment \[[@CR23], [@CR24]\]. CF is a complex of calcium, fructose, and boron and is naturally found in fresh and dried fruits, vegetables, herbs, and wine. This form of boron is not only safe but also bioavailable compared with other commercial forms of boron \[[@CR23]\]. Its structural formula is Ca\[(C~6~H~10~O~6~)~2~B\]~2~∙4H~2~O, identical with the one of a natural product \[[@CR24]\].

An open label pilot study, authored by N. Miljkovic and colleagues from the Orthopedic Clinic of the University from Novi Sad, Novi Sad, Yugoslavia, was conducted. The purpose of the study was to investigate the effects of CF on OA symptoms. The study included 20 patients with mild, medium, or severe forms of OA. Two criteria for assessment were used: the Western Ontario McMaster University Osteoarthritis Index and Newnham criteria. After the administration of CF, the results were quite impressive: the pain was strongly diminished, the joint rigidity disappeared, and mobility and flexibility were improved \[[@CR23], [@CR24]\].

Our previous investigations have been summarized in two reviews \[[@CR23], [@CR24]\] that have revealed an anti-inflammatory property of CF on cellular cultures. In addition, we hypothesized that CF might have dual roles as both an anti-inflammatory and anti-oxidant agent, with modifying effect on lipid metabolism \[[@CR23], [@CR24]\].

This study investigates whether CF can relieve OA symptoms in selected subjects. Scientists have hypothesized that CF may have a role in diminishing inflammation-related pain, joint stiffness and other discomforts associated with OA \[[@CR25]--[@CR27]\]. Because OA discomfort is often invariably related to joint inflammation, this study approaches the CF effect on inflammatory blood markers levels such as CRP, fibrinogen (FBR), and on erythrocyte sedimentation rate (ESR) and on lipid metabolism markers because it has been suggested that boron is involved in both mechanisms \[[@CR23]\].

When analyzing inflammatory markers, the 2-week time interval for the CF dietary supplementation was long enough to confirm our previous results obtained in vitro. Because the general characteristic of the placebo effect has a slightly delayed onset and a relatively short duration (from 2 to 6 weeks as cited in the literature) \[[@CR28]\], a time interval of 2 weeks was chosen for this trial to more accurately observe the short-term efficacy of CF. This pilot study is only a bridge for a future, more complex research study regarding the effects of CF on OA symptoms.

Methods and Materials {#Sec2}
=====================

Study Design and Selection of Patients {#Sec3}
--------------------------------------

The study was placebo controlled, randomized, double blind with four groups of subjects. Patient recruitment took place from March 10, 2009 to August 30, 2009 at the second Medical Clinic, Craiova Emergency Hospital, Romania, from the surrounding community. At the screening visit, after providing written informed consent, each participant underwent a screening interview. Based on the screening, subjects were declared eligible to proceed if all inclusion criteria were fulfilled and no exclusion criteria were met. This single-center trial was approved by the Institutional Ethics Committee of the University of Medicine and Pharmacy from Craiova, Romania, according to decision no. 364 from March 2008. The trial is also in agreement with the Helsinki Declaration from 1975, which was revised in 1983.

Patients' Characteristics {#Sec4}
-------------------------

The number of total enrolled patients was 116 (see Fig. [1](#Fig1){ref-type="fig"}). Not all enrolled subjects were included in the intent-to-treat (ITT) population. This ITT population was defined as being all the subjects who received the product and who had some follow-up evaluation. Forty-four people did not meet inclusion criteria or refused to participate were not taken into consideration for the ITT analysis. Thus, the total number of subjects that were included in the ITT analysis was 72. These 72 patients were divided into four groups (19 in group 1, 18 in group 2, 17 in group 3, and 18 in the placebo group), but 12 of them did not meet the entire protocol. Fig. 1Flow chart for patient recruitment

From the total number of patients included in the study (*n* = 116), only 60 completed the 2-week treatment period. Age span was between 59 and 68 years, and the number of women was higher than the number of men (female, 43 (71.66%) vs. male, 17 (28.33%)). There were 51 rural patients and nine urban patients. The boron dietary intake was calculated to be between 1.9 and 2.2 mg boron per day, uniformly distributed between genders. The number of patients with dyslipidemia and the number of those with nonspecific inflammation was heterogeneous between groups (ranging from 66% for group 2 to 93% for group 1 and 53% for group 2 to 93% for the placebo group, respectively). The baseline demographic characteristics of patients that successfully completed the study are given in Table [1](#Tab1){ref-type="table"}. Table 1Baseline demographic characteristics of patients that successfully completed the studyCharacteristicsPatients groupsPlacebo^a^Group 1Group 2Group 3Number of patients per group15151515Gender (M/F)3:123:127:84:11Age (mean (SD), year)67.6 (5.5)68.2 (6.6)59.8 (8.8)64.8 (10)Environment (rural/urban)15:015:09:612:3Daily boron dietary intake (mg/day)2.2 (0.7)2.1 (0.8)1.9 (0.5)2.0 (0.4)Boron supplemented with CF (mg boron/day)01.53.06.0Patients with dyslipidemia^b^ (no. (%))11 (73.3)14 (93.3)10 (66.6)12 (80)Patients with inflammations^c^ (no. (%))14 (93.3)12 (80)8 (53.3)11 (73.3)^a^Placebo has 113 mg of fructose^b^Patients with LDL at \>130 and cholesterol of \>200^c^Patients with CRP of \>0.5

Participants Inclusion Criteria {#Sec5}
-------------------------------

Men and nonpregnant women, between 40 and 85 years old, with primary OA of at least one knee were included. Primary OA was defined by the deterioration and abrasion of the articular cartilage (joint space narrowing) or by the formation of a new bone (osteophytes) at the knee joint surface (medial tibiofemoral, lateral tibiofemoral, or patellofemoral). This fact was demonstrated upon radiological examination that was performed within the previous 3 months.

Participants Exclusion Criteria {#Sec6}
-------------------------------

Subjects with digestion problems, with fever and/or under treatment with antibiotics, with fructose intolerance and those taking any painkillers and/or vitamin B6 and aspirin were excluded from the study.

Study Visits and Administration {#Sec7}
-------------------------------

The study used a commercial dietary supplement FruiteX-B^®^ trademark, registered by the FutureCeuticals Company from the USA. FruiteX-B^®^ was scientifically proven as being identical to naturally occurring plant-based boron carbohydrate, CF \[[@CR29]\].

The four subjects groups are described as follows: Group 1: 28.5 mg CF (1.5 mg boron/day) twice per dayGroup 2: 56.5 mg CF (3.0 mg boron/day) twice per dayGroup 3: 113 mg CF (6.0 mg boron/day) twice per dayPlacebo group: 120 mg placebo twice per day. Placebo material was based only on fructose

The duration of the treatment was 2 weeks. Two capsules were administered per day and were taken orally with meals. The subjects' interviewers carried out a survey of dietary intake. They presented tableware and food models and investigated the meal intake on two different weekdays and one weekend day, relying on the recall method. Nutrient intake was calculated by the DietSYS+Plus usage (version 5.9) and dietary analysis program (Block Dietary Data Systems). The DietSYS+Plus database, a software that analyzes nutrients, was expanded for the present study to include dietary boron values in the Romanian consumed foods. After computing nutrients intake per subject, intake percentage was calculated in relation to the Dietary Reference Intakes for Romania \[[@CR30], [@CR31]\]. Subsequently, using the boron content database of the foods commonly consumed by the Romanian urban and rural people, boron intake was calculated. The computation was based on an analytical boron nutrient database that was created in Romania and previously developed for estimating boron intake (Scorei et al., unpublished results).

Outcomes Measures (Biochemical Parameters) {#Sec8}
------------------------------------------

For biochemical analyses, venous blood samples were taken in the morning after fasting both at the beginning of the study and after 2 weeks of treatment. Commercially available collection tubes without anticoagulant were used to collect blood for the determination of biochemical parameters. Basic biochemical parameters, such as lipid profile (total, HDL, and LDL cholesterol) and inflammatory markers (CRP) were analyzed in serum using standard biochemical procedures. For the inflammatory markers ESR and FBR, anticoagulant was used. Enzymatic colorimetry methods using commercial kits (Boehringer Mannheim, Germany) and a Hitachi 911 automatic chemistry analyzer \[[@CR32]\] measured cholesterol and triglyceride. Assays for CRP were performed using Tina-quant^®^ immunoturbidimetric kit for CRP also available from Boehringer Mannheim Diagnostics, and the applications were developed for the BM/Hitachi 911 \[[@CR33]\]. The ESR was determined by the Westergren method using anticoagulant (ethylenediaminetetraacetate)-containing whole blood \[[@CR34]\]. The ratio between blood and anticoagulant was 4:1. The reading is done on the integral blood at room temperature after at most 2 h after blood donation. FBR levels were determined in citrated plasma using a kinetic method, as described by Hemker et al. \[[@CR35]\]. The blood donation was realized a jeun (on fasting---12 h of post) from venous blood in vacutainers. The serum was separated by centrifugation.

Safety Assessment {#Sec9}
-----------------

Three emergency telephone numbers were given to the subjects to maintain contact during the study in case they had any adverse events or other concerns related to the study. Each subject was interviewed during site visits to solicit information on possible adverse effects they might have encountered. Participants were instructed to inform the test supervisor if they chose to discontinue the study due to adverse effects.

Statistical Analyses {#Sec10}
--------------------

The CF or placebo effect was evaluated with two-way randomized block analysis of variance. Microsoft Excel software was used for the statistical analysis. Statistical significance was defined at the level of 95% (*p* \< 0.05). Results are expressed as means ± SD.

Results {#Sec11}
=======

Inflammation Biomarkers {#Sec12}
-----------------------

For group 1 (see Table [2](#Tab2){ref-type="table"}), there were significant decreases in ESR levels over the 2-week time interval as compared with the baseline (−10.25%, *p* \< 0.05). At the same time, the placebo group's ESR level increased (+36.36%, *p* \< 0.05). Table 2Efficiency-variable measurements of blood inflammatory markers for the intent-to-treat group after 2 weeks of supplementation with CFVariable (measurement)Patients groupsPlaceboGroup 1Group 2Group 3ESR (*p*)^a^0.000580.028930.376390.07280Baseline (mean (SD))19.8 (3.2)19.5 (3.5)18.5 (6.4)18.9 (2.3)Final (mean (SD))27 (4.4)17.5 (2.7)16.3 (5.9)17.3 (3.1)Change (95% CI)7.2−2−2.2−1.6% change from baseline36.36−10.25−11.9−8.5FBR (*p*)^a^0.045530.000580.358220.36227Baseline (mean (SD))365 (20)364 (10)340 (29)358 (15)Final (mean (SD))380 (19)314 (14)333 (16)343 (15)Change (95% CI)15−50−7−15% change from baseline4.10−13.73−2.05−4.18CRP (*p*)^a^0.005400.024530.069640.11227Baseline (mean (SD))0.73 (0.12)0.78 (0.2)0.75 (0.2)0.57 (0.19)Final (mean (SD))0.77 (0.07)0.31 (0.02)0.55 (0.24)0.47 (0.17)Change (95% CI)0.04−0.47−0.2−0.1% change from baseline5.47−60.25−26.66−17.54^a^Statistical significance from baseline

For FBR level, we found a statistical significance but only for group 1 and the placebo group (*p* \< 0.05). Group 1 showed a significant improvement in comparison to the baseline (−13.73%), whereas the placebo group presented a small increase in the FBR level (+4.1%).

CRP levels showed statistically significant improvements only for group 1 and the placebo group (*p* \< 0.05). The most accurate results were obtained for group 1 (−60.25% compared with the baseline). For the placebo group, the results were +5.47% in comparison to the baseline.

The inflammatory markers were the most convincing evidence that the boron supplementation had an effect in the osteoarthritis subjects. These were convincing because, if all the boron-supplemented participants were lumped together, it appears that there would be no question that ESR, FBR, and CRP were reduced in these participants but not in the ones receiving the placebo.

Dyslipidemia Markers {#Sec13}
--------------------

During the short period of the study, both triglycerides and HDL cholesterol did not significantly change from baseline in all groups (*p* \> 0.05). The lipid findings (see Table [3](#Tab3){ref-type="table"}) were unconvincing that boron had any real physiological significant effect on "dyslipidemia." Even groups 3 and 4 are combined, boron would not have a significant effect on cholesterol or LDL cholesterol. Only in group 1, a significant reason was obtained and this was the fortunate small standard deviation in this group. Based on only two measurements (at the beginning and end), the variability shown groups 3 and 4 is a more expected finding. Table 3Efficiency-variable measurements of blood dyslipidemia markers for the intent-to-treat group after 2 weeks of supplementation with CFVariable (measurement)Patients groupsPlaceboGroup 1Group 2Group 3Triglycerides (*p*)^a^0.367670.422010.092140.30010Baseline (mean (SD))121 (11)137 (15)188 (15)141 (13)Final (mean (SD))130 (15)128 (16)145 (22)138 (12)Change (95% CI)9−9−43−3% change from baseline7.5−6.5−22.87−2.1Cholesterol (*p*)^a^0.163360.013780.148750.27139Baseline (mean (SD))222 (13)244 (10)230 (69)260 (78)Final (mean (SD))234 (10)222 (9)224 (45)255 (70)Change (95% CI)12−22−6−5% change from baseline5.4−9.01−2.6−1.92HDL cholesterol (*p*)^a^0.193200.158950.387990.11081Baseline (mean (SD))47 (8)53 (3)49 (7)55 (11)Final (mean (SD))51 (4)54 (4)50 (6)58 (13)Change (95% CI)4113% change from baseline8.51−3.772.045.45LDL cholesterol (*p*)^a^0.105290.005550.423150.15522Baseline (mean (SD))150 (9)164 (6)143 (7)175 (20)Final (mean (SD))160 (8)144 (6)144 (10)170 (16)Change (95% CI)10−201−5% change from baseline6.66−12.190.69−2.85^a^Statistical significance from baseline

Discussion {#Sec14}
==========

The current study is the first trial clinical study to evaluate the efficacy of CF in OA. This study also provides important information regarding the possible molecular mechanisms of an anti-inflammatory compound with an identical natural origin in the treatment of OA. We have demonstrated that CF has potential efficacy in terms of reducing pain and improving the physical ability of OA patients \[[@CR24]\]. CRP, FBR, and ESR levels were used to monitor disease activity and to observe the subjects' responses to treatment. Increased CRP levels have suggested that it might be associated with the disease evolution in patients with OA \[[@CR36]\]. Besides that, ESR is not associated with clinical severity in patients with knee or hip OA \[[@CR16]\]. In addition, CRP levels could be predictive for OA disease progression \[[@CR21]\]. CRP levels have a stronger association with osteophyte production than with joint narrowing \[[@CR37]\]. Prior findings have shown that CVD and OA often coexist in patients and CVD could play a pathogenic role in OA \[[@CR21], [@CR22]\]. In this study, the obtained results demonstrate that in the case of OA associated with dyslipidemia, CF might provide a favorable prognostic for cardiovascular diseases, but the data are not sufficiently conclusive. Consequently, dietary supplementation with CF shows a slightly life-quality improvement for individuals suffering of OA associated with dyslipidemia.

Previous studies have showed that the optimum boron dietary intake is about 3 mg boron per day and that it may provide protection against some types of cancers (prostate, breast, cervical and lung) \[[@CR38], [@CR39]\]. Osteoporosis and OA patients need around 3 mg of boron per day \[[@CR23]\] and we tried to assure this boron intake for the subjects of the study. The mechanisms by which CF exerts beneficial effects on systemic inflammatory and dyslipidemia markers are still unclear but some of its molecular biological in vitro activities are known. CF inhibits superoxide within cells \[[@CR25], [@CR26]\]. CF stimulates osteoblast differentiation from bone narrowing. In addition, it acts synergistically with dexamethasone to increase bone mineralization \[[@CR40]\]. CF induces an inhibition of IL-1β, IL-6, and NO released in the culture media and increases TNF-α production. It has no effect on LPS-induced COX-2 protein expression \[[@CR27]\].

Summing up, the presented data have important implications for new strategy development for preventing OA and dyslipidemia associated with boron supplementation. The final target is cardiovascular disease prevention. In a recent clinical trial \[[@CR41]\], we have demonstrated the favorable effects of resveratrol combined with CF on the clinical and inflammatory status of patients with stable angina pectoris (Militaru et al., unpublished results).

The next objective of our research team is to broaden the investigation because the presented observations belong to just a pilot study with a short time duration.

In conclusion, with this experimental design, the presented study suggests that short-term CF supplementation (only 15 days) can increase the quality of life for OA patients, with a favorable prognosis for inflammatory states. The importance of this study is related to the beneficial actions of CF on systemic inflammation and perturbation of lipid metabolism for elderly individuals who otherwise might have an unfavorable prognosis in cardiovascular diseases. This study presents preliminary results that require further experimentation. A longer supplementation period is needed to ascertain whether CF is an effective anti-inflammatory agent.
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